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INTRODUCTION

This report presents aerosol data collected in West Germany during the
mid-December 1975 through February 1976 time period, using a balloon-borne
aerosol particle counter. The work was done as part of the Atmospheric
Sciences Laboratory's (ASL) contribution to a US Army Electronics Command
(USAECOM) field exercise conducted by the Night Vision Laboratory (NVL).
The test location is a military training ground near the town of
Grafenw6hr in West Germany. Grafenw6hr is approximately 100 km north
of NUrnburg near the eastern border of West Germany. The local terrain
consists of rolling hills and is partially forested; some of the land is
tilled for farming.

These data were collected by ASL using equipment and support facilities
prcvided by NVL. It should be understood that this work was done as a
part of a much larger field test operation, and therefore the field
conditions - such as choice of test location, hours of operation, equip-
ment design, etc. - were not optimized for the aerosol measurements.
Test conditions at the site were necessarily dictated by consideration
of the larger overall objectives. The basic goal of these balloon aerosol
measurements was to obtain some information about the degree of vertical
inhomogeneity encountered at the test site. The balloon experiment con-
sisted of an aerosol particle counter suspended 20 m below a 1500 ft3

tethered balloon as shown in Figure 1.

The experiment could not be operated at night because it was not equipped
with lights required to meet local aircraft hazard warning regulations.
There was also a problem with interference caused by the presence of a
nearby radar station, so that even during daylight hours data was col-
lected only when the radar station was not in operation. This caused a
considerable constraint on the operating schedule, and that is why data
collection periods appear to be chosen at random intervals. All of the
data presented in this report were gathered when the radar was not in
operation - with the exception of the December measurements that were
executed before the problem was discovered. The December data have been
examined careful.ly in light of knowledge of the effect that the radar has
on the instrument, and no data appeared to be affected.

In addition, it should be noted that the choice of the actual operating
* conditions (ascent rate, altitude intervals, etc.) of the balloon parti-

cle counting system was always a compromise between the need for long -
counting intervals to produce statistically meaningful results, the de-
sire to obtain reasonable vertical spatial resolution by counting at
frequent altitude intervals, and the need to complete the ascent/descent
in a relatively short time interval because of the continually changing
atmospheric conditions. Changes in operating conditions that are seen
in this report are the result of judgments made in the field concerning
such compromises. Obviously, more counters at spatially separated loca- ***

tions would have been desirable.

2
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The data are presented in reduced form in the appendix, and the particle
counter calibration prescribed by the manufacturer is given. The instru-
ment calibration was checked in the field by the manufacturer using latex
spheres and was found to be unchanged from factory calibration.

In an attempt to make the measurements available to the DOD community as
quickly as possible, no discussion of the data is offered. Reports re-
lating these data to other measurements made at the Grafenwihr test site
may be expected from the participating laboratories.

MEASUREMENT OF PARTICULATES

Particulate measurements were made with a commercially available [Classical
Scattering Spectrometer Probe Model CSAS-100 made by Particle Measurements
Systems (PMS) of Boulder, CO] light scattering aerosol particle counter.
The counter works on the principle that as aerosol flows through an il- r p
luminated volume, light scattered by a single particle into a particular
solid angle is measured photoelectrically, and response pulses are clas-
sified according to their magnitude. In turn, this signal is related to
the particle size by a calibration curve. Theoretical response calcula-
tions for this instrument are not in the literature as yet, but calcula-
tions for similar instruments may be found in several papers [1-3]. The ._ .
PMS instrument uses a 5-milliwatt He-Ne laser for the source of light.
The solid angle for collection of the scattered light is 4-22* from the
direction of forward scattering, and for a given gain or range setting
there are 15 pulse-height channels of information. The pulse-height chan-
nels are related to particle size in Table 1. These are values quoted by
PMS and represent some average particle diameter values for homogeneous,
nonabsorbing, spherical particles with refractive indexes in the range of
those of atmospheric aerosols. These values would be somewhat different
under the assumption of spherical water droplets, for example, and the
authors plan to pursue this problem of data deconvolution in a future
report. To a rough approximation, however, particle size can be related .*.

to channel number for the various ranges by using the calibration infor-
mation in Table 1. Some anomalies in the data that are believed to be ' S
caused by the difference in the advertised response of the instrument and
the actual response for water droplets are: (1) discontinuities in the
particle size distribution data at about channel 9 on range 4, at channel
5 on range 2; and (2) for range 2, channel 5 concentrations are higher
than those in channel 4. However, some anomalies in the data are not
understood. An example of such an anomaly is that for some heavy low " 9

visibility conditions, channel I concentrations are abnormally small on
ranges 2 and 3.

Another important factor regarding the data interpretation is that the
counting efficiency of the instrument for particles greater than about
lOpm in diameter is probably less than 100 percent, since the gravita-
tional fall rate for these larger particles (0.3 cm/s for a 10-pm diam-
eter water droplet) may cause some to be lost in the instrument intake
before being measured. It is not known at this time if this effect is
serious.

4
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TABLE 1

PARTICLE SIZE CHANNEL WIDTHS (Diameter in pam)

FOR THE PMS BALLOON INSTRUMENTO

AS SPECIFIED BY THE MANUFACTURER

Instrument Range

Channel 1 2 3 4

12-4 1-2 0.5-1 0.4-0.65 K.
2 4-6 2-3 1-1.5 0.65-0.9

3 6-8 3-4 1.5-2.0 0.9-1.15

48-10 4-5 2.0-2.5 1.15-1.4 >
5 10-12 5-6 2.5-3.0 1.4-1.65

6 12-14 6-7 3.0-3.5 1.65-1.9

7 14-16 7-8 3.5-4.0 1.9-2.15

8 16-18 8-9 4.0-4.5 2.15-2.4

9 18-20 9-10 4.5-5.0 2.4-2.65

10 20-22 10-11 5.0-5.5 2.65-2.9

11 22-24 11-12 5.5-6.0 2.9-3.2

12 24-26 12-13 6.0-6.5 3.2-3.5

13 26-28 13-14 6.5-7.0 3.5-3.8

14 28-30 14-15 7.0-7.5 3.8-4.1

15 30-32 15-16 7.5-8.0 4.1-4.4

5



The particulate measurements reported in the appendix are in particles per
cm3 per channel. These values were derived from the raw data from the
formula:

C.
1

i S*F

where

Pi is the number of particles per cm3 in channel i. -.

Ci is the number of particles counted in channel i.

S is the sample time in seconds.

F is the sample flow rate - which is advertised to be 0.156 cm3/sec -
for this instrument.

For example, if 10 counts were recorded in a particular channel for a 60-
second measurement period, the reported particle concentration would be
1.1 particles per cm3 for that particular channel (in the computer printout
this number would appear as 11, since all concentration values have been r W
multiplied by 10 to eliminate columns required for the decimal points).
The above formula can of course be used to determine the statistical sig-
nificance of a particular concentration value.

It should be pointed out that not all the particle data presented in the
appendix are particularly useful in calculating total particulate cross
sections. The reason is that for some fog conditions, measurements were
made with the particle counter set on several different ranges. It is
obvious from the data that for some balloon traverses, the larger parti-
cles were not counted when the instrument was set on the smaller particle
size ranges.

MEASUREMENT OF ALTITUDE '1
The balloon package altitude was measured using a rheostat connected to
the balloon winch spool. The rheostat was calibrated against measured
length of nylon line used to tether the balloon. Although the nylon line 5
length could be measured accurately to within a few meters (effects of
nylon line stretching included), the error in measurement of balloon al-
titude is somewhat greater, depending on the local wind. For the high
wind (20 mph) days, the balloon was displaced approximately 200 from the
vertical, resulting in an altitude error of about 10 percent. The values
of the altitude readings for times when the instrument was at ground level W,

6
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(i.e., when the range setting was changed) are a measure of the reproduc-
ibility of altitude analog. Thus, small negative altitude readings occa-
sionally appear in the computer printout, and the minimum altitude reading
for each traverse is in fact the ground level reading. During the
21-23 February measurement periods the rheostat mechanism was inoperable
and the altitude was estimated from markers attached to the tethering
line. The maximum altitude error for this period is estimated at ±20
percent. The letters U, D, S following the altitude data in the computer
printout imply that the instrument was moving upward (normally at 0.4
mps), downward (normally at 0.4 mps), or was stationary during the measure- -
ment period. This U, D, S notation does not apply to most of the December
data since for this data the instrument was operated continuously in an
overflow mode during balloon ascent and descent. In the overflow mode,
the instrument reads out, resets, and resumes counting after a certain
particle count has been reached (9999 total counts). Therefore, for the
December data, when the balloon altitude has changed from one data set to r
the next, part of the sample is for the corresponding alti",ide traverse
and part at the final altitude.

MEASUREMENT OF AIR TEMPERATURE

Air temperature was measured with a glass coated, carbon . stor having -

a 2-second time constant mounted in the aerosol sample flo. tream within
the instrument package. Daily performance of calibration against a ther-
mometer during the measurement period shows maximum errors in the tempera-
ture measurement of ±20C. However, the temperature changes on the order
of tenths of degrees that are reported for time scales of minutes are ... "
believed real.

MEASUREMENT OF VISIBLE RADIATION FLUX

The visible radiation flux from above and below the instrument package
was measured with silicon photodiode detectors with spectral sensitivity
in the 0.4 to l.lm range, and with the peak response at 0.8pm. The
solid angle field of view for both upward and downward looking detectors
is estimated pi steradians. The detector response is advertised by PMS
to be linear to within 1 percent over the range of radiation fluxes mea-
sured. The values of radiation flux reported here are photodiode output
voltages that are proportional to the radiation flux, but cannot be re-
lated to radiation flux in an absolute way. However, measurements made
with the two detectors under controlled conditions show that their outputs
are in agreement with each other to within about 1 percent. During the
measurement periods for which ground measurements were made, the upward
radiation flux values are not useful.

During heavy, low visibility conditions, rime formed on the nylon tether
line and to a lesser extent on the instrument package. Since the photo-
diode detectors were exposed, condensation or impaction of material on
them may have caused erroneous readings during these measurement periods.

it W
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APPENDIX

COMPILATION OF MEASUREMENTS OF PARTICULATES,

RADIATION FLUX, AND AIR TEMPERATURE

a. Computer Printout Data Format

A single line of data in the computer printout comprises a data set
for measurements of particulates, radiation flux, and air temperature.
The first column is the local time in hours, minutes, and seconds. The
second column is the time during which the particulate data were collected.
The third column designates the probe range setting which can be used to
relate the particle concentrations in various channels to particle size _V
according to Table 1. The fourth column of data is the instrument alti-
tude above ground level. The alphanumeric symbols U, D, S indicate that
the instrument was moving up, down, or was stationary during the measure-
ment period. The fifth column is ambient air temperature in 'C. The
sixth and seventh columns are visible radiation flux measurements for
radiation from above (downward) and below (upward) the instrument package, .
and are in relative units. The remaining data are particle concentration
values per channel that have been multiplied by 10.

b. Data Table of Contents

13-20 Dec 75 These data were collected at different locations about W ,
3 km west of the site of the remaining data. This was
basically a test of the operational capability of the
system.

21 Feb 76
0814-1014 Foggy uniform overcast conditions for this data. Wind p
1030-1138 was very light below about 150 m. Several balloon tra-

verses were made to 200 m altitude. The balloon tether
line was frosty when brought down. 2

22 Feb 76
0743-0927 This data is for medium to heavy for conditions with p
1156-1444 visibilities normally less than 1 km, but clearing

after 1400 hours. The data are for a number of balloon
traverses to 250 m altitude.

23 Feb 76
1535-1753 Relatively high visibility conditions for this data.

Measurements were made to about 250 m altitude.

* •
9 .



25 Feb 76
0716-0808 Heavy fog and light drizzle conditions for this data

with visibility normally less than 500 m. Balloon as-
cents were made to 180 m altitude.

25 Feb 76
1214-1341 Heavy fog c',,ditions for this data with visibility 500

to 300 m. Several balloon traverses were made to 150 m
altitude. F ....

25 Feb 76
1545-1656 This data is for very heavy fog conditions, during which

time the visibility changed from 100 to 300 m in time
scales of minutes. Several balloon traverses were made
to an altitude of about 150 m.

26 Feb 76
0724-0918 No judgments of conditions or visibility were recorded

for this data set. Several balloon traverses were made
to 120 m altitude.

28 Feb 76 r- w
0734-1112 This data is for variable conditions of patchy light fog

and blue sky. Several balloon traverses were made and
there is also a measurement period for the instrument
near ground level.

1 Mar 76 " S
0731-1033 Light haze to clear conditions for this data. During

this period, the instrument was about 3 m from ground
level since the wind was too strong to fly the balloon.

1 Mar 76
1632-2009 This data is for clear conditions with the instrument 0

about 3 m from ground level. Sunset was at 1751 hours. ' ,

OP
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